A humidification-dehumidification (HDH) solar desalination process with active and passive air circulation is proposed, in which the phase change material (PCM) is used to recover the latent heat of vapor condensation to increase the fresh water production. The experiments show that the cost of fresh water is 23.47 Yuan/t, the gain output ratio of the unit is 13.37, and the water production is increased by 84.4% compared with the dehumidifier without using PCM. The heat transfer between the heat pipe and the PCM (I) (paraffin) and the high thermal conductivity PCM (II) are tested and simulated.
Introduction
The method of HDH is the most efficient one in solar desalination, and it is suitable for small and medium-sized unit. By combining phase change heat storage with HDH solar desalination, one can solve the problem of using latent heat of water vapor condensation in dehumidification process, in order to increase the utilization of heat energy and fresh water production.
In the existing solar desalination process, PCM is mainly used to recover excess solar thermal energy [1] [2] [3] [4] , and there are few processes using PCM for recovering latent heat of wet air. Paraffin wax is a commonly used PCM. By adding materials, such as expanded graphite to paraffin, its heat transfer performance and latent heat of phase can be changed [5, 6] .
The heat transfer rate between the heat source and PCM can be effectively improved by using heat pipe [7, 8] , and the temperature distribution is more uniform [9] .
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In this article, an HDH solar desalination process using active and passive air circulation integrated with PCM for heat storage is proposed, and the heat transfer process between heat pipe and PCM is studied.
HDH Solar Desalination Process with Active and
Passive Integration Figure 1 shows the HDH solar desalination process with active and passive integration.
In the process, the active humidification dehumidification process and the passive humidification dehumidification process jointly produce fresh water. By using PCM, the latent heat of water vapor condensation released by active air circulation during dehumidification is recovered to supply the passive HDH process. This process has simple structure and small investment. By recycling and using most of the latent heat of wet air, one can obtain a high water production ratio. Furthermore, it is easy to operate and control.
Experimental Research on the Dehumidifier with Phase Change Heat Storage
In the dehumidifier, 1 kg of PCM (I), or paraffin, was placed at the upper end of the heat pipe, the phase change temperature of PCM was 45 ∘ C. The heat source of dehumidifier was the saturated air at 65 ∘ C, and the air flow rate was 5 m 3 /h. There were 10 heat pipes, which outer diameter and length were 25 and 210 mm, respectively. The temperature field of the PCM (I) upper surface at different running times is shown in Figure 2 , where the left side is the hot humid air inlet side, and the right side is the cold air outlet side. When the cross-sectional area of the dehumidifier is 200×200 mm 2 , and the initial water weight in the distiller is 1 kg, the test results have shown that the water yield is 200 mL/h, which is equivalent to the cost of water production that is 23.47 yuan/t, and the water production ratio GOR is 13.37. Compared with the distiller without using PCM under the same conditions, the water production is increased by 84.4%.
Heat Transfer Test Between Heat Pipes and PCM
The heat transfer performances between heat pipes and two kinds of PCM were inves- In the test, the phase change process of the two PCMs is shown in Figure 4 . After the tests were carried out to 30, 60, and 90 min, the melting range of PCM (I) along the radial length in the outside of heat pipe were 13, 20, and 26 mm, respectively; and that of PCM (II) were 5, 7, and 9 mm, correspondingly.
The surface temperature fields of PCMs were photographed by a high-precision infrared thermal imager, they are shown in Figure 5 . Since PCM (I) had a relatively small thermal conductivity, the heat transferred to the outer region of the heat pipe is less, and the phase change region around the heat pipe was large. The PCM (II) had a relatively high thermal conductivity, the heat transferred to the outer region of the heat pipe was faster, so the temperature field distribution around the heat pipe was relatively uniform. 
Heat Transfer Numerical Simulation of Heat Pipe Coupled PCM
In the heat transfer numerical simulation, the number of pipes is taken 10, the outer diameter of the pipe is 25 mm, and they are in a forked row. Referring to the heat transfer experiment results of a single heat pipe, the heat pipe spacing is taken 25 mm. A triangular unstructured mesh is used, and the wall temperature of the heat pipe is 65 ∘ C. Figure 6 is the numerical simulation of the phase transition between PCM (I) and heat pipes. It can be seen from the figure that the paraffin near the heat pipe was first melted, and as the heat transfer time increases, the phase change region gradually increases. When the heating process was carried out to 90 minutes, the phase change range substantially covered the entire surface except for the corner regions. 
Conclusion
The experimental study shows that in the certain conditions, the water capacity is 200 mL/h, the water production cost is 23.47 Yuan/t, and the water production ratio is 13.37. Compared with the distiller without using PCM under the same conditions, the water production is increased by 84.4%.
Under the same heating conditions, the PCM (I) had a larger phase transition region, while the PCM (II) had a stronger thermal conductivity. And the numerical simulation of heat transfer between PCM (I) and multi-heat pipes showed that when the wall of the heat pipe is maintained at 65 ∘ C and the distance of the tube is 25 mm, the PCM (I) had basely melted after heating for 90 min.
